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Abstract
Kinematic motion analysis is based on the reconstruction of selected bony anatomical landmarks identified by surface 
markers. Anatomical landmarks generally do not correspond to points but rather to relatively large and curved areas 
and their identification by palpation is not easy. Precise placement of surface markers is even more difficult and there is 
great variability between operators. In this study 16 examiners were asked to identify the lateral border of the left ischial 
tuberosity in a horse using palpation and ultrasonography for placement of a corresponding skin surface marker. Images 
of each marking procedure were captured using two video cameras and processed using the DVideow videogrammetry. 
A custom-written Matlab code was used to determine the position of the respective vectors. The positions of the 
markers were then compared to assess inter-examiner variability and the precision of the methods employed using the 
Bartlett test and the paired t-test respectively. Ultrasonography significantly improved the location of the anatomical 
landmark by each examiner (p = 0.04) and reduced the variability in the position of the surface marker when compared 
to palpation (p = 0.0028). The variability of the calculated distances (mean ± SD) was 2.89 ± 2.24 cm and 1.63 ± 0.98 cm 
using palpation and ultrasonography respectively. Ultrasound guidance reduced inter-examiner variability and allowed 
visualization of the corresponding bony anatomical landmark.
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Resumo
A análise cinemática do movimento é baseada na reconstrução de pontos anatômicos específicos identificados por 
marcadores de superfície. Esses pontos de referência geralmente não correspondem a pontos, mas a áreas relativamente 
grandes e curvas de difícil identificação pela palpação. A colocação precisa dos marcadores de superfície é ainda mais 
difícil e há grande variabilidade entre examinadores. Neste estudo, 16 examinadores foram submetidos à identificação 
da borda lateral da tuberosidade isquiática esquerda de um cavalo usando a palpação e a ultrassonografia para colocar 
um marcador de superfície. Imagens de cada procedimento de marcação foram adquiridas utilizando-se duas câmeras 
de vídeo digital e processadas através o sistema de videogrametria DVideow. O software Matlab foi usado para deter-
minar a posição dos respectivos vetores. As posições dos marcadores foram comparadas para avaliar a variabilidade 
entre os examinadores e a precisão do método empregado através do teste de Bartlett e teste t pareado, respectivamente. 
A ultrassonografia melhorou significativamente a localização dos pontos anatômicos de cada examinador (p = 0,04) e 
reduziu a variabilidade no posicionamento dos marcadores de superfície quando comparada à palpação (p = 0,0028). A 
variabilidade das distâncias calculadas (média ± dp) foi de 2,89 ± 2,24 cm e 1,63 ± 0,98 cm usando a palpação e a ultras-
sonografia, respectivamente. A ultrassonografia reduziu a variabilidade entre examinadores e permitiu a visualização 
do ponto anatômico correspondente.
Palavras-chave: Pontos anatômicos. Cavalo. Análise cinemática. Locomoção. Ultrassom.
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Introduction
Lameness is one of the most common problems in 
horse veterinary clinics. In the last decades, kinematic 
motion analysis methods have enabled quantitative 
studies of equine locomotion. The kinematic analysis 
requires a rigid body modeling, defined by markers 
positioned in determined anatomical landmarks. The 
reliability in kinematic analysis is largely dependent 
on the precision of the determination of anatomical 
landmark position used to create a rigid body modeling. 
Minor asymmetries in the position of surface markers 
can translate into large errors in kinematic data in 
equine motion analysis (AUDIGIÉ et al., 1998). 
The identification of anatomical landmarks (AL) 
and the reconstruction of their position in a selected 
set of axes is a major issue in human motion analysis. 
Positional uncertainty may be due to several factors: 
ALs may correspond to relatively large and irregular 
surfaces that must be translated into a single point, 
ALs may be covered by a layer of soft tissue of 
variable thickness and composition and therefore 
be difficult to palpate, or the identification of ALs 
may differ depending on the palpation procedure 
employed (DELLA CROCE et al., 2005). Even 
examiners with the same expertise have different 
interpretations on the instructions for anatomical 
landmarks identification; their definition is prone to 
misinterpretation, leading to greater inter-examiner 
dispersion in the location of anatomical landmarks 
(DELLA CROCE; CAPPOZZO; KERRIGAN, 1999).
Difficulties in palpation of bony ALs due to the 
thickness of the overlying soft tissues in horses have 
been reported (AUDIGIÉ et al., 1998; LICKA; PEHAN; 
ZOHMANN, 2001). Variability in the position of pelvic 
and lower limb bony landmarks have also been reported 
in humans due to anatomic variation and errors related 
to AL identification and placement of corresponding 
reference markers (WHITE; YACK; WINTER, 1989). 
Minor asymmetries in the position of surface markers 
can translate into large errors in kinematic data in 
equine motion analysis (AUDIGIÉ et al., 1998).
The development of new techniques to improve 
the location of anatomical landmarks enhances the 
reliability of kinematic motion analysis data (DELLA 
CROCE et al., 2005). Imaging techniques such as 
fluoroscopy and roentgen-photogrammetry have 
been used to accurately locate anatomical landmarks 
in horses (FABER et al., 2001) and humans (SMALL 
et al., 1993), respectively. In horses ultrasound-guided 
techniques for intra-synovial injection proved to be 
reliable and more accurate than conventional “blind” 
techniques (SCHNEEWEISS; PUGGIONI; DAVID, 
2012). In humans and horses ultrasound-guided 
injection techniques are preferable to injections guided 
by ﬂuoroscopy or computed tomography due to lower 
duration of the procedure and exposure to radiation 
(GALIANO et al., 2007; COUSTY et al., 2011). 
The present study aimed to evaluate the applicability 
of diagnostic ultrasound as an ancillary technique for 
identification and marking of anatomical landmarks 
in horses.  
Material and Methods
One 10-year-old female Brazilian Sport Horse 
weighing 420 kg and measuring 1.60 m at the withers 
was used in the study. The horse was considered sound 
based on clinical history and physical assessment.
A veterinarian attached to the skin four white 
spherical plastic markers measuring 19 mm in 
diameter, overlaying four selected anatomical 
landmarks on the coxal bone, using double-sided tape. 
We used three anatomical landmarks to locate three 
corresponding points that were kept fixed during 
image acquisition and used for reconstruction of 
the local coordinate system. The selected anatomical 
landmarks and respective fixed points corresponded 
to: left sacral tuberosity (p1), medial border of the left 
ischial tuberosity (p2) and cranial border of the left 
coxal tuberosity (p3). The fourth anatomical landmark 
(test point; p) corresponded to the lateral border of 
the left ischial tuberosity and was used to assess the 
variability in the position of the markers (figure 1).
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Figure 1 – Location of the fixed reference points p1 (1), p2 (2) and p3 (3) and the test point (p) on the coxal bone. Sinop, 
2011
Source: (GOMES, 2007)
Two digital video cameras (JVC D70U and JVC 
9500)* were positioned on the left side of a calibrated 
volume measuring approximately 2 m x 2 m x 2 m. 
To estimate the error of the calibration system, an 
examiner moved an object of known length in the 
calibrated space and the object in motion was measured 
by 283 frames. The estimated mean error and mean 
deviation were 3.3 mm and 3.0 mm respectively. 
Sixteen veterinarians familiar with equine anatomy 
participated in the study as examiners. The examiners 
had similar experience with palpation of anatomical 
landmarks but none of them had experience with 
ultrasound imaging. Each examiner served as his/
her own control. They were first requested to locate 
and mark the test point based on palpation of the 
lateral border of the left ischial tuberosity (Group 
1), and then the same examiner was instructed to 
locate and mark the same point under ultrasound 
guidance (Group 2).  For ultrasonographic location 
of the selected anatomical landmark, they positioned 
the transducer parallel to the biceps femoris 
muscle at the level of the left ischial tuberosity and 
advanced cranially until visualization of the ischial 
bone margin. They rotated the transducer 90º and 
advanced distally for identification of the most lateral 
aspect of the bone (figure 2a). Without moving the 
transducer, they introduced the tip of the index finger 
between the transducer and the skin for location of 
the test point (figure 2b). Stereophotogrammetric 
images were obtained following each marking of the 
test point. We analyzed images using the DVideow** 
videogrammetry system (FIGUEROA; LEITE; BAR-
ROS, 2003) and these images were employed for 
reconstruction of three-dimensional coordinates for 
each marker. Data were analyzed using a custom-
written Matlab*** code.
*      JVC Kenwood Corporation, Kanagawa, Japan.
**    Unicamp, Campinas, Brazil
***  MathWorks Inc., Natick, Massachusetts, USA.
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Figure 2 – Ultrasound images of the lateral border of the left ischial tuberosity. (a) Bone margin of the ischial tuberosity 
used as a reference to mark the test point (arrow). (b) Reverberation artifact caused by placement of the finger 
on the target point (arrow). Jundiaí, 2007
Source: (GOMES, 2007)
To compare the position of the test point marked 
by different examiners, the global coordinate system 
had to be transformed into a local coordinate system 
(equation 1). This new coordinate system was fixed at 
the hip of the horse with p1 as the point of origin and 
named coxal bone-based coordinate system (BCS) 
(figure 3).
Figure 3 – Image acquisition of the horse’s hip displaying 
the three fixed points and the test point (filled 
circle). Jundiaí, 2007
Source: (GOMES, 2007)
For construction of the BCS, we developed a right-
handed coordinate system. First, the “i” axis was defined 
as the vector running from p1 to p2. The “j” axis was 
then defined as the orthogonal vector formed by vector 
i and the vector (p3, p1). The “k” axis corresponded to 
the vector orthogonal to vectors i and j. 
BCS = (O, i, j, k) where
i = p2 – p1/|p2 – p1|
a = p3 – p1/|p2 – p1|
j = i T a/|i T a|
k = i T j 
A transformation matrix was developed and used 
to transfer the location of each vector corresponding 
to the position of the test point (vp) from the global 
coordinate system to the BCS (equation 2).
VP = [ijk]-1 * vp 
where VP is the position of the vector in the BCS.
Each VP obtained by palpation and under ultrasound 
guidance was determined in the BCS. A mean vector 
equation 1
equation 2
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position (MVP) was calculated based on the 16 VPs 
obtained for each group. The distances between VP 
and MVP were used to assess the variability between 
the different methods employed. 
The Lilliefors test was employed to assess the 
normality of the results in each group. Given the 
normal distribution observed the paired t-test was 
performed to compare the results between examiners 
and the Bartlett test to compare the variability between 
groups. The level of significance was set at 5% (p < 
0.05). Data were analyzed using R Development Core 
Team (2013).
Results   
Based on comparisons between each examiner 
(paired t-test), location of the selected AL was more 
precise using ultrasound guidance than palpation 
(p = 0.04). The maximum and minimum distances 
documented in group 1 (7.48cm and 0.89 cm 
respectively) were twice as large as in group 2 (3.63 
cm and 0.32cm respectively) (table 1). 
Mean distances between MVP and VP were 
significantly greater in group 1 than group 2 (Table 1). 
Table 1 –  Distances between mean vector point (MVP) 
and vector point (VP) documented by each 
of the 16 examiners using palpation and 
ultrasonography respectively – Jundiaí – 2005
                                              Distances between MVP and VP (cm)
Examiner Group 1 Group 2
1 0.89 0.69
2 1.07 0.32
3 1.70 1.81
4 0.85 0.43
5 3.16 0.76
6 1.28 1.75
7 1.44 1.43
8 2.10 3.63
9 1.19 1.66
10 2.90 2.92
11 4.86 0.53
12 5.68 2.95
13 7.48 2.33
14 1.62 1.72
15 7.32 1.07
16 2.67 2.00
Mean ± SD 2.88 ± 2.23 1.62  ± 0.98*
* Significant difference (p < 0.05)
According to the results of the Bartlett test variability 
differed between groups (p = 0.0028) with greater 
variance in group 1 than group 2 (figure 4).
Figure 4 –  Distances between the mean vector point 
(MVP) and the vector point (VP) in each group. 
Jundiaí, 2007
Source: (GOMES, 2007)
Discussion
The use of fluoroscopy and computed tomography 
for more precise location of ALs has been described 
in equine motion analysis (FABER at al., 2001) 
and for intra-articular injection purposes in horses 
(ROSENSTEIN et al., 2001) and humans (AGUIRRE; 
BERMUDEZ; DIAZ, 2005). According to recent 
studies ultrasound is superior to either fluoroscopy 
or computed tomography for intra-articular injection 
guidance (GALIANO et al., 2007; COUSTY et al., 
2011). However, to the authors’ knowledge no data 
concerning the use of ultrasound for location of ALs 
in motion analysis have been published to date. This 
study suggests that ultrasound guidance can be used to 
reduce the variability in the position of ALs in horses.
The thickness of the overlying soft tissue, particularly 
in the proximal limb, interferes with palpation of 
ALs in humans (DELLA CROCE; CAPPOZZO; 
KERRIGAN, 1999) and horses (LICKA; PEHAN; 
ZOHMANN, 2001). Even for examiners with some 
expertise, the identification of a point based on large 
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ALs is difficult and may lead to misinterpretations, 
with mean errors as large as 2.4 cm in some cases 
(DELLA CROCE; CAPPOZZO; KERRIGAN, 1999). 
In this study, when markers were attached using 
palpation the maximum distance observed was 
7.48 cm. However, when ultrasound guidance was 
employed this was reduced to 3.63 cm.
Examiners in this study reported great difficulty in 
palpating the test point mainly due to the overlying 
musculature. Ultrasonography enabled good 
visualization of the selected anatomical landmark, 
thus facilitating location of the test point by different 
individuals. Also, ultrasonography can provide 
additional clinical and anatomical information that 
may be useful for biomechanical studies. 
In this study the use of ultrasonography to aid in the 
location of a specific anatomical landmark significantly 
decreased the variability between examiners. Further 
studies using additional anatomical landmarks 
and comparing ultrasound-guided marking with 
traditional procedures are warranted to determine the 
usefulness of ultrasonography as an ancillary method 
in equine motion analysis and its contribution to the 
reliability of data obtained.
Previous experience in locating anatomical landmarks 
using ultrasonography could minimize errors; however, 
in our study we depended on examiners with no 
ultrasound imaging skills, and thus, no comparisons 
could be established. Therefore, further studies may be 
required to confirm this hypothesis.
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